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Objective: Determining the relation between acetabular coverage, especially overcoverage which may
lead to pincer impingement, and development of osteoarthritis (OA) of the hip.
Design: From a prospective cohort study of 1,002 individuals with symptoms of early OA (Cohort Hip and
Cohort Knee, CHECK), 720 participants were included. Standardized anteroposterior pelvic radiographs
and false proﬁle lateral radiographs were obtained at baseline and 5 years follow-up. Acetabular
undercoverage (mild dysplasia) and overcoverage (pincer deformity) were measured by a centre edge
angle of <25 and >40 respectively in both radiographic views. The strength of association between
those parameters at baseline and development of incident OA (Kellgren and Lawrence (K&L) grade >2 or
total hip replacement), or joint space narrowing within 5 years was expressed in odds ratio (OR) adjusted
for K&L grade, age, body mass index (BMI), and sex using generalized estimating equations.
Results: At baseline, 76% of the included hips had no signs of radiographic OA (K&L ¼ 0) whereas 24% had
doubtful OA (K&L ¼ 1). Within 5 years, 7.0% developed incident OA. Acetabular dysplasia was signiﬁ-
cantly associated with development of incident OA with ORs between 2.62 (95% conﬁdence interval (CI)
1.44e4.77) and 5.45 (95% CI 2.40e12.34), dependent on the radiographic view. A pincer deformity was
not associated with any outcome measure, except for a signiﬁcantly protective effect on incident OA
when a pincer deformity was present in both radiographic views OR 0.34 (95% CI 0.13e0.87).
Conclusion: Acetabular dysplasia was signiﬁcantly associated with development of OA. However, a pincer
deformity was not associated with OA, and might even have a protective effect on its development,
which questions the supposed detrimental effect of pincer impingement.
 2013 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
The aetiology of osteoarthritis (OA) is mainly unclear, though
both systemic factors and local biomechanical factors are known to
play a role1. OA of the hip often occurs without the presence of OA: R. Agricola, Dept. of Ortho-
ox 2040, 3000 CA Rotterdam,
4690.
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), h.weinans@erasmusmc.nl
g).
s Research Society International. Pin other susceptible joints, indicating that local biomechanical
factors may predominate2.
Growing evidence supports the theory that these local factors
are mainly explained by bone shape variants of the hip, causing
OA by an altered biomechanical loading pattern3e6. These bone
shape variants can be located at the femoral side, acetabular side,
or both. An example of a femoral sided morphological abnor-
mality is a non-spherical femoral head (cam deformity) which
may lead to a motion dependent abnormal contact between the
femoral head and the acetabulum, also known as cam-type
Femoroacetabular Impingement (FAI)3. A cam deformity is
thought to develop during growth and is an important risk factor
for OA7e9. An abnormal shape of the acetabulum may also lead to
OA by either acetabular undercoverage, also known as (mild)ublished by Elsevier Ltd. All rights reserved.
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deformity.
In hips with mild acetabular dysplasia, a decreased contact area
between femur and acetabulum results in higher static loads on the
anterosuperior acetabular cartilage. In hips with a pincer deformity,
the mechanism leading to OA is much less understood. The pro-
posed mechanism is that of a dynamic abnormal linear contact
between the overcovered acetabular rim and the femoral neck
during terminal motion of the hip, which is known as pincer-type
FAI3. When vigorous hip motion causes repetitive impingement
events, the soft tissue structures within the hip joint might grad-
ually damage, leading to hip OA.
This hypothesis is supported by intra-operative ﬁndings in
symptomatic patients with a pincer deformity, where acetabular
cartilage damage was found throughout the acetabulum in a small
thin strip around the labrum10. Also, cartilage damage at the
posterior-inferior site has been described as a result of aFig. 1. The mechanism of pincer impingement. A normal hip (A) and a hip with a pincer de
ROM (C) whereas a pincer deformity (arrow) is proposed to lead to an abnormal linear co
motion of the hip, which is known as pincer impingement (D). When vigorous hip motion c
throughout the acetabulum in a small thin strip around the labrum. Also, the leverage of the‘countrecoup lesion’ by the femoral head, due to the leverage effect
of the neck when it abuts against the anterior acetabular rim
(Fig. 1).
Evidence for the relation between mild dysplasia and develop-
ment of OA provided by cross-sectional or retrospective studies is
inconsistent, but prospectively designed studies generally show a
moderate increased risk for hip OA11e15. In contrast, the relation be-
tween pincer deformities and development of OA is conﬂicting16e23.
However, these studies are often limited by a retrospective or cross-
sectional design, making it difﬁcult to draw conclusions on causality.
As in mild dysplasia, prospective studies might identify an associa-
tion, but no such studies are available for pincer deformities.
The aim of this study was to examine the relation between
baseline anterior and lateral acetabular coverage, speciﬁcally pincer
deformities, and the risk of developing OA after 5 years follow-up.
We further investigated whether acetabular coverage was associ-
ated with pain and decreased hip function.formity (B) are shown. The anatomy of the normal hip provides the hip a physiological
ntact between the overcovered acetabular rim and the femoral neck during terminal
auses repetitive impingement events, the acetabular cartilage might gradually damage
femoral head in the acetabulum might lead to a contrecoup lesion posteroinferiorly (F).
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Study design and participants
Individuals were extracted from Cohort Hip and Cohort Knee
(CHECK). CHECK is a nationwide prospective cohort study of 1,002
individuals with symptoms of early OA of knee or hip. On entry, all
participants had pain with or without stiffness of knee or hip and
were aged 45e65 years; they had not yet consulted their general
practitioner (GP) for these symptoms, or the ﬁrst consultation was
within six months before entry. Participants with another patho-
logical condition that could explain the symptomswere excluded24.
Radiographs and clinical examination were obtained from
eleven (general and university) hospitals at baseline, and at 5-year
follow-up. The mean (SD) follow-up was 5.06 (0.17) years. In-
dividuals were recruited either by GPs who were invited to refer
eligible persons to one of the participating centres and by adver-
tisements in local newspapers. The 720 individuals (1,391 hips) of
the 1,002 participants who had both anteroposterior (AP) pelvic
radiographs and false proﬁle (FP) radiographs of sufﬁcient quality
obtained both at baseline and at ﬁve year follow-up were included
in the current study (Fig. 2). The studywas approved by themedical
ethics committees of all participating centres, andwritten informed
consent was obtained from all participants.
Radiographs
Weight bearing AP pelvic radiographs and FP oblique view ra-
diographs were obtained according to a standardized protocol at
baseline and ﬁve years follow-up8. For AP radiographs, feet were
positioned in 15 internal rotation. For FP radiographs, individuals
stood sidewise with the hip of interest against the radiographic
table and with the second metatarsal phalanx of the same leg
parallel to the radiographic table. Then, the pelvis was rotated 25
backwards, conﬁrmed by a 65 wedge between the back and
radiographic table, to proﬁle the anterosuperomedial edge of the
acetabulum25.Fig. 2. Flow of subjects from cohort inclusion to the ﬁnal study population.Radiographic measurements
The shape of the hip on the AP and FP radiographs was outlined
using the ASM tool kit (Manchester University, Manchester, UK).
The shape is given by a set of landmark points that are positioned
along the surface of the bone in the radiograph6,26. The lateral
centre edge angle (LCEA) and anterior centre edge angle (ACEA)
were automatically calculated from the points outlined on the AP
and FP radiographs respectively, using Matlab (version 7.1.0,
MathWorks Inc, Natick, MA, USA).
The centre edge angle measures the amount of acetabular
coverage with respect to the centre of the femoral head. The centre
of the femoral head is found by drawing a best-ﬁtted circle around
the femoral head. From the centre of the femoral head, a ﬁrst line is
drawn vertical and a second line is drawn to the edge of the sourcil
(the dense subchondral bone) of the acetabulum. The angle be-
tween those lines is the centre edge angle (Fig. 3)27,28. The vertical
line was drawn perpendicular to the horizontal line connecting
both femoral heads In the AP view, and perpendicular to the hor-
izontal line of the radiographic ﬁlm in the FP view. We deﬁned the
presence of a pincer deformity by an LCEA or ACEA >40 and the
presence of mild acetabular dysplasia by an LCEA or ACEA
<2529,30.
At baseline and 5 years follow-up, all AP pelvic radiographswere
scored for OA according to the Kellgren and Lawrence (K&L) clas-
siﬁcation (grade 0e4)31. In addition, superior and inferior joint
space was determined on FP radiographs (grade 0e3).
Clinical measurements
At baseline, all individuals were clinically examined by
measuring the range of motion (ROM) of the hip. Active ROM was
measured by a goniometer in ﬂexion, internal rotation, external
rotation, abduction, and adduction. Further, the presence and
severity of hip and knee pain was assessed using the Visual
Analogue Scale (VAS) at baseline and follow-up. This scale runs
from 0 (no pain) to 10 (very intense pain)32.
Reliability of the LCEA and ACEA
The points were positioned in the baseline AP radiographs by
three investigators and in the FP radiographs by two investigators
who were unaware of any follow-up data. To examine inter and
intra-observer reliability, the point set was positioned twice by
each investigator in 25 randomly selected radiographs with an in-
terval of two months.
Outcome measures
Development of incident OAwas deﬁned by K&L grade 2, 3, 4, or
a total hip replacement (THR) at 5-year follow-up. This outcome
measure was further subdivided in mild OA (K&L ¼ 2) and end-
stage OA (K&L ¼ 3, 4, or THR). As it has been described that pin-
cer impingementmay result in speciﬁc acetabular cartilage damage
anterosuperiorly, adjacent to the point where the abnormal contact
occurs, and posteroinferiorly, as a result of the contrecoup lesion,
both superior and inferior joint space narrowing (JSN) (grade 1)
on the FP view was used as an outcome measure33. Grade 1 JSN is
indicative for mild, but deﬁnite disease.
Statistical analysis
Reliability of the LCEA and ACEA was assessed using intra-class
correlation coefﬁcient (ICC). Univariate differences in baseline
characteristics between included and excluded hips, and between
Fig. 3. The LCEA and ACEA. A. The LCEA as measured on an AP pelvic radiograph. B. The ACEA as measured on a FP radiograph.
R. Agricola et al. / Osteoarthritis and Cartilage 21 (2013) 1514e1521 1517hips that developed OA and normal hips, were evaluated by the
ManneWhitney test for continuous variables, by chi-square test for
sex, and by generalized estimating equations (GEE) for K&L score.
The strength of the independent relationship between acetabular
coverage at baseline and development of OA was calculated using
GEE, adjusted for baseline K&L classiﬁcation, age, sex, and body
mass index (BMI), and expressed in terms of odds ratios (ORs).
Using GEE allowed to model the correlation between the left and
the right hip. Hips with either a pincer deformity or mild dysplasia
were compared with a reference group of hips with a centre edge
angle 25 and 40 in the corresponding radiographic view,
representing normal acetabular coverage. When mild OA or JSN
was used as an outcomemeasure, baseline hips that had developed
end-stage OA at 5-year follow-up were excluded from analysis.
When end-stage OA was used as an outcome measure, hips that
had developedmild OAwere excluded. Differences in pain scores at
follow-up and ROM at baseline between hips with and without
mild acetabular dysplasia or a pincer deformity were calculated
using GEE, adjusted for K&L grade at baseline. All statistical ana-
lyses were performed in SPSS version 20.0.
Results
Participants
Baseline demographic data is summarized in Table I. The 720
included individuals did not differ on any baseline characteristic
from the 282 individuals who were excluded. At baseline, the 720
individuals (1,391 hips) were included in the CHECK cohort because
they consulted the GP for the ﬁrst time with mild pain in their hip
(n ¼ 127, mean  SD VAS hip pain 2.73  2.07), pain in their kneeTable I
Baseline characteristics of the participants, stratiﬁed by the absence or presence of incid
Total n ¼ 720
(1,391 hips)
Absence of incident OA at follow
n ¼ 657 (1,294 hips)
Age in years: mean (SD) 55.9 (5.21) 55.8 (5.2)
Women, no. (%) 572 (79) 540 (81)
BMI, kg/m2: mean (SD) 26.1 (4.1) 26.2 (4.2)
Length in cm: mean (SD) 169.9 (8.2) 169.7 (8.1)
Weight in kg: mean (SD) 75.3 (13.7) 75.2 (13.7)
K&L grade 0, no (%) 1,045 (76) 1,029 (81)
K&L grade 1, no (%) 324 (24) 248 (19)(n¼ 292, mean SDVAS knee pain 2.71 2.04), or pain in both hip
and knee (n ¼ 301, mean  SD highest VAS pain 3.29  2.12).
OA classiﬁcation
At ﬁve years follow-up, 97 (7.0%) hips developed incident OA, of
which 39 hips (2.8%) end-stage OA and 58 hips (4.2%) mild OA. On
the FP view, JSN was present superiorly in 107 hips (7.7%) and
inferiorly in 107 hips (7.7%).
At baseline, the K&L grade could be scored reliably in 1,369 hips.
Of these hips, 76% did not show radiographic evidence of OA (K&L
grade 0) whereas 24% had doubtful OA (K&L grade 1). On the FP
view, superior joint space was scored as grade 0 in 94%, grade 1 in
5%, and grade 2 in 1%, and inferior joint space as grade 0 in 95% and
grade 1 in 5%.
Association between acetabular coverage and OA
The association between a pincer deformity or mild dysplasia
and OA is summarized in Table II. In hips with a pincer deformity on
both the AP and FP view, a signiﬁcant protective effect for OA was
found with an adjusted OR (aOR) of 0.34 (95% conﬁdence interval
(CI) 0.13e0.87, P ¼ 0.025). There was no signiﬁcant association
between a pincer deformity in other radiographic views and the
outcome measures, though a nearly signiﬁcant association with
posteroinferior JSN was found aOR ¼ 1.48 (95% CI 0.93e2.34,
P ¼ 0.10).
For both anterior and lateral acetabular dysplasia, a signiﬁcant
associationwas found for incident OA, with respective aORs of 2.62
(95% CI 1.44e4.77, P ¼ 0.002) and 2.83 (95% CI 1.54e5.20,
P ¼ 0.001). The strength of association between mild dysplasia andent OA
-up Presence of incident OA at follow-up
n ¼ 80 (97 hips)
P-value absence vs presence
of incident OA at follow-up
58.0 (4.7) <0.001
54 (68) 0.001
25.8 (3.7) 0.67
172.6 (8.8) 0.003
76.9 (12.8) 0.116
16 (17) <0.001
76 (83) <0.001
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R. Agricola et al. / Osteoarthritis and Cartilage 21 (2013) 1514e15211518incident OA increased when deﬁcient coverage was present both at
the lateral and anterior side in one hip aOR ¼ 5.45 (95% CI 2.40e
12.34, P < 0.001). For end-stage OA, slightly stronger associations
were found.
Acetabular coverage and pain and function
Neither a pincer deformity nor mild dysplasia in any view was
signiﬁcantly predictive for higher VAS hip pain scores at 5 years
follow-up. Similar results were found for VAS pain scores at base-
line (Supplementary Table I).
Signiﬁcant, though clinically irrelevant, decreased ROM was
found. A lateral pincer deformity resulted in decreased internal
rotation (29.87 vs 30.82, P ¼ 0.035). Further, external rotation
tended to be increased (maximum difference 2.1, P ¼ 0.05) in hips
with pincer deformity but no differences in ﬂexion were found
(maximum difference 1.5, P ¼ 0.36). Hips with anterior dysplasia
and hips with dysplasia both anteriorly and laterally showed
decreased adduction of respectively 20.42 vs 21.79, P ¼ 0.02 and
19.33 vs 21.75, P¼ 0.015. In those hips, external rotation tended to
be decreased (maximum difference 2.8, P ¼ 0.06).
Reliability and reproducibility of the LCEA and ACEA
The ICC for inter-observer reliability was 0.97 (95% CI 0.94e0.99)
for the LCEA and 0.99 (95% CI 0.97e0.99) for the ACEA. ICC scores
for intra-observer reliability ranged from 0.91 to 0.96 for the LCEA
and from 0.97 to 0.99 for the ACEA.
Discussion
This prospective study of individuals with ﬁrst onset of mild
pain complaints without radiographic evidence of deﬁnite OA at
baseline shows that a pincer deformity does not increase the risk
for development of OA whereas mild acetabular dysplasia is asso-
ciated with development of OA. The latter is in agreement with
previously reported prospective studies.
In retrospective or case control studies on pincer impingement,
some authors showed a moderately increased risk for OA in the
presence of a pincer deformity17e19,23, where others did not ﬁnd an
association or even suggested a potential protective effect of a
pincer deformity for development of OA16,20e22. Our data supports
the latter studies and found surprisingly a protective effect of a
pincer deformity when present both anterior and lateral in one hip.
This was supported by the fact that none of the hips with a pincer
deformity on both radiographic views (n ¼ 141 hips) developed
end-stage OA.
Interestingly, a nearly signiﬁcant associationwas found between
a pincer deformity on the FP view and JSN posteroinferiorly, in the
speciﬁc region where the so called ‘contrecoup lesions’ may occur
(Fig. 1)10,33. Most hips with posteroinferior JSN at follow-up already
showed JSN at baseline, indicating that this indirect measure of
cartilage loss is not progressive in hips with pincer deformity. This
could suggest that these cases do impinge and suffer from a limited
ROM. However, we did not ﬁnd a limited ﬂexion, neither in hips
with anterior and/or lateral overcoverage nor in those hips with
overcoverage and JSN posteroinferiorely at follow-up.
We did not ﬁnd a positive association between a pincer defor-
mity and OA, but regarding its slow progression the 5-year follow-
up might have been too short9. However, Nicholls et al. could
neither identify an association between a higher LCEA and THR
after 19 years follow-up20. Moreover, the ﬁrst structure that fails in
pincer impingement is the labrum, which is associated with
pain9,34,35. However, a pincer deformity was neither associated
with higher pain scores at follow-up. Second, pincer impingement
R. Agricola et al. / Osteoarthritis and Cartilage 21 (2013) 1514e1521 1519might lead to OA rapidly, before the age of 45 years, so that those
subjects were not included in this cohort. However, this is unlikely
as it has been described that complaints as a result of pincer
impingement starts from the age of 30e40 years9.
A pincer deformity is a description of a variety of acetabular
morphological or orientation abnormalities causing excessive
coverage of the femoral head. The overcoverage may result from
either a generally overcovered acetabulum, i.e., when the femoral
head is positioned deep inside the acetabulum or when there is an
overgrowth of the acetabular rim, or it may result from focalized
overcoverage, as seen in acetabular retroversion30. General over-
coverage can be quantiﬁed by the LCEA as seen on an AP radio-
graph. Coxa profunda has also been used to deﬁne general
overcoverage, but two recent studies showed that coxa profunda
should not be used to deﬁne a pincer deformity36,37. Acetabular
retroversion, resulting in anterior overcoverage, can be quantiﬁed
on AP radiographs by the cross-over sign or posterior wall sign,
though both measures have their limitations38. We measured
anterior coverage on the FP radiograph by the ACEA, by which we
assume that hips with anterior overcoverage due to retroversion
are accurately identiﬁed39.
Although an LCEA and ACEA threshold for a pincer deformity of
>40 is subjective, it is most often used to quantify overcoverage.
Gosvig et al. found cross-sectionally a mild association between a
deep acetabular socket (LCEA >45) and a joint space width of
2 mm, but we neither found a signiﬁcant or increased risk of OA
when using a threshold of 45 (see Supplementary Table II)17.
FAI is a motion dependent abnormal contact between the
proximal femur and acetabular rim due to a non-optimal
morphology of either the proximal femur (cam-type) or the ace-
tabulum (pincer-type). Both types of FAI are being treated with
increasing frequency by restoring the normal anatomy to prevent
the abnormal contact to occur. This appears to be justiﬁed for cam
impingement regarding its relation with OA and the promising
short-term to mid-term surgical outcomes8. However, for surgical
treatment (acetabular rim trimming) of pincer impingement
caution is necessary. Based on our results, a pincer deformity might
even have a protective effect. Obviously, some symptomatic pincer
impingement patients might beneﬁt from a surgical procedure, but
proper patient selection is critical.
For mild dysplasia, prospective studies generally showed an
association with OA, though cross-sectional and retrospective
studies have confused this issue. Twowell designed studies showed
a moderate increased risk for development of OA13,14. Lane et al.
conducted a prospective nested caseecontrol study with 8 years
follow-up in 176women (mean age 70 years) and showed an aOR of
3.3 (95% CI 1.1e10.1) for acetabular dysplasia (LCEA <30) and OA.
Reijman et al. deﬁned acetabular dysplasia in 835 subjects (mean
age 65 years) by an LCEA<25 and found an aOR of 2.4 (95% CI 1.2e
4.7) for OA as deﬁned by a K&L grade 2 and an aOR of 4.3 (95% CI
1.8e4.5) for JSN 1 mm. It was suggested that the association be-
tween acetabular dysplasia and OA might be higher in a younger
population. In the current study of 720 individuals with a mean age
of 55 years, we conﬁrmed above-mentioned associations between
dysplasia and OA and showed aORs of roughly 3 to 4 for OA. Other
studies did not use an additional FP view, and we showed a clearly
increased aOR when acetabular dysplasia was present both ante-
riorly and laterally in one hip.
There are some limitations that need to be acknowledged.
Although both an AP and lateral radiographic view per hip was
obtained, acetabular retroversion might have been missed in some
cases. Secondly, as opposed to the LCEA, wewere not able to draw a
horizontal reference line for calculating the ACEA. Still, a FP view
might be more sensitive for the diagnosis of dysplasia and showed
additional predictive value as compared with an AP view alone28,40.Thirdly, a pincer deformity is a risk factor for pincer impingement,
but the occurrence and frequency of impingement depends on
patient activity, which is unknown in this cohort. However, the
same holds true for cam deformities, which were highly predictive
for OA in this cohort8. Moreover, the occurrence of pincer
impingement might also depend on femoral version and the
presence of a cam deformity. We could not correct for femoral
version, but the prevalence of cam deformities was similar in hips
with and without pincer deformities, implying that this risk factor
did not inﬂuence the association between pincer deformities and
OA. Individuals with a known diagnosis of acetabular dysplasia
were excluded from the CHECK cohort, implicating that the study
subjects only represent a mild, subclinical subset of acetabular
dysplasia. Finally, the reader should bear in mind that all partici-
pants had mild pain in their hips, knees, or both at baseline, which
might represent a very early stage of symptomatic OA, although no
deﬁnite radiographic OA was present at baseline.
In conclusion, a signiﬁcant association between both lateral and
anterior acetabular dysplasia and development of OAwithin 5 years
was found. The strength of association increased when dysplasia
was present both anteriorly and laterally in one hip. In contrast,
when a pincer deformity was present both anteriorly and laterally
in one hip, a protective effect for development of OAwas found. No
association between a pincer deformity and JSN at the speciﬁc
anatomical locations of pincer impingement was identiﬁed. These
results questions the hypothesis that pincer impingement leads to
OA.
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